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£5 (57) Abstract: A method and apparatus for providing hopped delay diversity for multiple antenna transmissions. In the method; and 
° apparatus, an input symbol stream is offset in time by M symbol periods to generate or offset symbol stream. T1,e of&e t mput s*e»n 
O mav be offset so as to lead or lag the original input symbol stream. The original input symbol stream rs then transmuted on a first 

applied to the transmissions from the first and second set of N antennas. 
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HOPPED DEiPdIVERSITY FOR MULTIPLE ANTENiWTRANSMISSION 
FIELD OF THE INVENTION: 

This invention relates to a method and apparatus for achieving transmit 
diversity in telecommunication systems and, more particularly, to methods and 
apparatus of hopped delay diversity for transmission on multiple antennas. 

BACKGROUND OF THE INVENTION: 

As tireless communication systems evolve, wireless system design has 
become increasingly demanding in regard to equipment and performance 
requirements. Fttture wireless systems, which will be third and fourth general 
systems compared to me first generation analog and second generate drgrtaf 
systems current in use, wil. be quired to provide high qualHy high 
data services In addition to high quality voice services. Concurrent wrth the system 
service performance requirements will be equipment design constraints, whrch w,ll 
strongly impact the design of mobile terminals. The third end fourth 3~ 
wireless mobile terminals will be required to be smaller, lighter, more power-effrcren. 
units the! are aiso capable of providing the sophisticated voice and data servrces 
required of these future wireless systems. 

Time-varying multi-path fading is an effect in wireless systems whereby a 
transmitted signal propagates along multiple paths to a receiver causing fading of the 
received signal due to the constnrctive and destructive summing of the •*"*•"» 
receiver Severel methods are taown for overcoming the effects of mult-path fadrng, 
such as time interleaving with error corrector coding, implementing frequency 
diversity by utilizing spread spectrum techniques, or transmitter power control 
techniques. Each of these techniques, however, has drawbacks in regard to use for 
third and fourth generation wireless systems. Time interleaving may introduce 
unnecessary delay, spread spectrum techniques may require large 
allocation to overcome a large coherence bandwidth, and power control technrques 
ma y require higher transmitter power than is desirable for sophtetlcated reoenrer- * 

drawbacks have negative impact on achieving the desired charactensbcs for thrrd and 
fourth generation mobile terminals. 
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Antenna diHty is another technique for overcomingWeffects of multi-path 
fading in wireless systems. In diversity reception, two or more physically separated 
antennas are used to receive a sfcnal, which is men proceed through 
swrtching to generate a reoe^rad signal. A drawback of diversity recephon ,s mat the 
5 physical separate raquired between antennas might make diversity receptor, 

MM for use on the forward link in the new wireless systems where small mobile 
terminal size b desired. A second technique for implementing antenna divers,!, . 
transmit diversity, in transmit diversity a signal is transmitted from two or more 
antennas and then processed at the reoeiver by using maximum likelihood sequence 
,0 esdmator (MLSE) or minimum mean square error (MMSE) techniques. Transmri 
diversity has more pracUcal application to the forward link in wireless systems ,n that t 
is easier to implement multiple antennas In the base station than in the mobrie 
terminal. 

As new types of communications systems are developed and standardized, it 
, 5 will be desirable to develop methods of transmit diversfty that may be implemented into 

diveratty in wireless systems, methods that may be implemented on the forward link of 
existing widely used standards with We or no modification to the receiver ,n the mobile 
station would be highly useful. 
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SUMMARY OF THE INVENTION: 

The present invention presents a method and apparatus for providing hopped 
delaydlversityformuKipleantennatransmissions. In the method and apparatus, an 
input symbol stream is offset in time by M symbol periods to generate an offset symbol 
swam. The offse.inpu. straam may be offset so as to lead or lag the original input 
symbol straam. The original input symbol stream is men transmitted on a fus set of N 
antennas and the offset input symbol stream is transmitted on a second set of N 
antennae, with transmit diversity techniques applied to the transmissions from the first 
and second set of N antennas. 

In an embodiment, the original input symbol stream is transmitted on the first 
set of N antennas with the original input symbol stream transmitted on a f,rst at least 



tPCT/USOl/12425 
^ofthefirstsetomemenna^-K,-. e origina. input _ 

let *pu. symbol Mm It — ed on a firs, a, leas, one o, the secon, «ri of N 
antennas and a phase shifted version of the offset input symbol stream ,s Wnsmfited 

, IsecondatLtoneoftheseoondsetofNantennas. The phase shrffing may be 
either a continuous phase sweep or discrete phase hopping in every burst penod. 

,„ another embodiment, the original input symbol stream is transmitted on a 
first set of N antennas with the original input symbol stream transmitted on a first at 
,eas. one of me first se, of N antennas and a phase shifted version o, the ongrnal ,npu 

„ symbo ,sue™ W nsm«edonaseconda.leas.oneof*efirs.se,ofNantennas. The 

ofiset input symbol stream is transmitted on a second set of N antennas whrch 
includes fine second a. leas, one of me firs. se. of N antennas as one of m antennae. 
I„ an alternative of this embodiment, the offset input symbol stream may be phase 
shitted before it is transmitted. 

in ye. another embodiment, the original input symbol stream and offset input 
symbol stream a* Input to a .1.. and second antenna, respecfivety, of said firs, set of 
N antennas and a firs, and second entenna, respectively, of said second se. of N 
antennas, and hopped diversity is applied between the firs, and second sets d N 
antennas to alternately transmit the symbol streams from the firs, and second sets of N 

20 antennas. 

BREIF DESCRIPTION OF THE FIGURES: 

Fig. 1a is a block diagram of portions of a phase hopped delay diversity 
transmitter according to an embodiment of the invention; 

Fig. 1 b is an illustration of transmission bursts for use in the transmitter of Fig. 



25 1a; 



Fig 1o is a phase hopping pattern for use in the transmitter of Fig. 1a; 
Fig. 2 is a block diagram of portions of phase hopped delay diversity 
transmitter according to another embodiment of the invention; 

Fig. 3a is a block diagram of portions of an antenna hopped delay diversity 
30 transmitter according to still another embodiment of the invention; 
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Fig. 3b is aWustration of transmission bursts for uselBne transmitter of F.g. 

3a; and 

Fig. 4 is a block diagram of portions of a phase hopped delay diversity 
transmitter according to an alternative embodiment of Fig. 2. 
DETAILED DESCRIPTION OF THE INVENTION 

Referring now to Fig. 1 a, therein is illustrated a block diagram of portions of a 
phase hopped delay diversity transmitter according to an embodiment of the invent.cn. 
Transmitter 100 includes input 102, Channel coder, Interleave and Modulator (CIM) 
104 offset block 106, phase shifter block 108, phase shifter block 110, RF circu.try 
blocks 1 12a, 1 12b, 1 16a and 1 16b, and antennas 1 14a, 1 14b, 1 18a and 1 18b. 
Transmitter 100 may be implemented into any type of transmission system that 
transmits coded or uncoded digital transmissions over a radio interface. In an 
embodiment transmitter 100 may be implemented into a system operating accord.ng to 
the enhanced data for global evolution (EDGE) specification. Transmitter 100 may be 
1 5 implemented into an EDGE system without modifications to the EDGE rece.ver. 

in the embodiment of Fig. 1 a, transmitter 100 receives input data stream at 
input 102 and generates an input symbol stream at the output of CIM 104. X(t) is spirt 
into two identical symbol streams, with one symbol stream X(t) being input to RF 
circuitry 1 12a and phase shifter block 110. Phase shifter block 110 outputs a phased 
20 shifted version of X(t) or P x (t). The other input symbol stream X(t) is input to offset 
block 106 Offset block 106 causes at least a one symbol period delay in the second 
input symbol stream X(t) being input to offset block 1 06 to generate an offset vers.on 
of X(t) or 0(t). The delayed input symbol stream, 0(t), is then input to RF circuitry 
1 16a and phase shifter block 108. Phase shifter block 108 outputs a phase shrfted 
25 version of 0(f) or P 0 (t)- 

X(t) Px (t), 0(t) and Po(t) are input to RF circuitry 112a, 112b, 116aand116b, 
respectively, and then X(t) is transmitted on antenna 1 14a and P x (t) is transmitted on 
antenna 1 14b. 0(t) is transmitted on antenna 1 18a and P 0 (t) is transmitted on 1 18b. 
The phase shifting performed in phase shifter blocks 1 1 0 and 108 may be 
30 performed in a variety of alternative ways. The phase shifting may be a continuous 
sweep or discrete phase hopping between burst periods. In systems where channel 
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estimation is usedA as EDGE lype systems, both traffic AU,^ «" 
be alven the same phase shift for channel estimation Also, the phase 

p Jem may he period* or random. In .he embodiment of Fig. 1 , second order path 
*Z realised due to oftse, btock 106 and second order interteaving ga,n . 
5 ^between antennas 114a and 114b. and 118a and 118b. respect, due 10 
the channel coding. 

Referring now to Fig. 1b, therein ere illustrated transmission bursts for use in 

, 0 rpandS^symbolsarelndudedalmeendofmeburst ,n,ransm«er100,bu«, 

7 1 Loftse,inof.se,b,ocK,06,ogene rate O ( ,)124. BH-«--^-« 

hoLo pattern for use in transmitter 100 of Hg. 1a. An incremental phase shrf. ,s 
^Irerbu^lonanlennalUbwhiieeachburstonantennal^isnolphase 

iZTr.* 1c.nis.he number o, burs, per b,oc, The same partem ma, be 
1 5 used on antennas 1 1 8a and 1 1 8b. 

As an alternate .0 phase hopping, phase sweeping may be performed In 
phase shifter blocks 110 and 108. Phase sweeping could also be used in systems 

systems operas according .0 ft. TIA/EIA/IS-2000 standard, Augus. 1999, publshed 
20 rrTeLmmun.ca,ions,ndusuvAssocia.ion. The phase sweeping performed by 
phase sh«er biocks 108 and 1 10 may be done continuously a, any des,red ra.e. 
Referring now .0 Fig. 2, .herein is Mrated a block digram 0, portions of a phased 
hepped delay diverstty 1— r 200 according .0 another embodiment o fte 
invention Transmifter 2 O0includes.npu.202,Channelcoder,,n te rleaverand 

210 212 and 214, and antennae 216 and 218. Transmitter 200 may be implemented 
into'any type 0. transmission system that transmit* coded or uncoded digttal 
^smfcL over a red* interface. In an embodiment, transmMer 200 may be 

30 evoiutt^ (EDGE) speech. Transmitter 200 may be implemented into an EDGE 
system without modifications to the EDGE receiver. 



5 



t PCTAJSOl/12425 
t data and outputs 

an input symbol stream X(t) at the output of CM 204. X(t) is split into two symbol 
streams with one symbol stream X(t) being input to RF circuitry block 21 0 and phase 
shifter block 208. The output of phase shifter block 208 Px(t) is then input to RF 
5 circuitry 212. The other input symbol stream X(t) is input t offset block 206. Offset 
block 206 causes an at least one symbol period delay in X(t) to generate an offset 
version of X(t) or 0(f). 0(t) is then input to RF circuitry block 214. X(t) is transmitted 
on antenna 216 and, Px(t) and 0(t) are transmitted on antenna 218. 

In the embodiment of Fig. 2, the second and third antennas of the embodiment 
10 cf Fig. laareeffectivelymappedtoasingleanten n a218. The fourth antenna branch 
of the embodiment of Fig. 1 a is effectively turned off. In the embodiment of F.g. 2a, 
the totaltransmit power may be equally split between the phase hopped and delay 
diversity paths. Then, effectively delay diversity gain is applied to one half the s.gnal 
power and phase hopping gain is applied to one half the signal power. Using a strong 
15 channel code, for example a rate=1/2 convolutions code, second order diversity can 
be achieved. The embodiment of Fig. 2 has advantages in use in non-fad.ng 
situations as compared with the embodiment of Fig. 1 a, since the potential of the 
phase hopping channels canceling themselves out is removed. The delay diversrty 
path of the embodiment of Fig. 2 ensures proper signal reception with some penalty, 
20 depending on how the total power is divided between the phase hopped and delay 
diversity paths. 

Fig 4 shows an alternative embodiment of the transmitter of Fig. 2. 
Transmitter 400 of Fig. 4 is identical to transmitter 200 of Fig. 2, with the exception that 
phase shifter 402 is added after delay block 206 and transmitters 210, 212 and 214 
25 are replaced by variable power transmitters 408, 406 and 404, respectively. 
Transmitter power values for 408, 406 and 404 are indicated by P3, P2 and P1 , 
respectively. The embodiment of Fig. 4 may be used to realise different diversity 
configurations by providing different branch gains. 

Simple delay diversity can be realized by setting the variables in Fig. 4 to the 
30 following values: P3=1/sqrt(2), P2=0.0, and <D M =0.0. The delay can be set to 1 .0T or 
1 .5T. In this case half the power is sent on P3 and the remaining half on P1 w«th a 
delay. 

6 
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Alternative Jfe variables may be set so PWWtP** -- 
P1-0 0 in .his case the transmissions from two antennas may erase each other when 
the'phasedirrere^ebe^eenmewo.ransmissions.sisodegrees. ™**\ 
lay occur in direct iine of sigh, channels ciose to me base station i.e. Rcian ohannels 

D=, ST. The phase *„maybe hopped a.phasesl«er 402 every burstpenodrcally 
cr randomly. The phase step size may be chosen to be 90 degrees in periods 
hopping case and 1 1 .25, or 90 degrees for random hopping. 

,n another alternate of Fig. 4, total transmitted power (P1) Is transmitted on 
Deiay Diversi* (DD) branch and fhe remaining power (1-P1) is equal* split between 
phase hopping PO branches. This fype of transmission ensures that the antenna 

kkM ,«- P3=1/sc, rt( 8).Pf=sdr,(7/ie,and<b„=0.0. ■»*-"-«-*• 
total power is sent on DD branch and the remaining power is sent of PO branches. To 
further improve this method, additional phase hopping may be added on DD branch, 
tonally, for mis case, phase hopping *„ a, phase shMer 402 may be achva.ed. 

Referring now to Fig. 3a, therein is illustrated a block diagram of portions of an 
antenna hopped delay diversity transmitter SCO, according to an embodiment of the 
invention. Transmitter 300 includes input 302, Channel coder. Interleave, -mM 
Modulator (CM) 304, o«se, block 306, switch 324, RF drcuKry 308, 310, 312 an 314, 
and antennas 316, 318, 320, and 322. Transmitter 300 may bo implemented i nto any 
type 0( remission system that Iransmks coded or uncoded digital «ransm,ss,ons over 
a radio Interface. In an embodiment, transmitter 300 into a system operating 
according to the enhanced data for global evolution (EDGE) specification. 
; 300 may be implemented into an EDGE system without modification to the EDGE 
receiver. 

in dte embodiment of Rg. 3a, transmitter 300 receives input data and outputs 
an input symbol stream X(t) at me oulput of CIM 304. X(t) is split into two symbol 
sKean* with one being input to switch 324 and me other being input to oHse. block 
0 306 Offset biock 306 oumuts a delayed veraion of X(1), or 0(1). Phase shifter326 
outputs P„(t), which is input to switch 324. Switch 324 functions to alternate 
remission bursts between antennas 316 and 318, and antennas 320 and 322, 
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respectively. For orWurst period X(t) is transmitted on antenlWlS and 0(t) is 
transmitted on antenna 31 8. For the next period X(t) is transmitted on antenna 320 
and G(t) is transmitted on antenna 322. The delay diversity transmission .s 
periodically alternated between antennas 316 and 318, and antennas 320 and 322. 
Every other burst from a burst Y is transmitted wKh a second order path diversity from 
antennas 316 and 318 and every other burst from a burst Y + 1 is transmitted wrth a 
secondorderpathdiversityfromantennas320and322. Extra interring gain may 
be obtained from interleaving data over several bursts. For strong channel codes, 
such as rate=1/2 convolution^ codes, fourth order diversity may be realized. The 
embodiment of Fig. 3a may be used with phase shifter 326 activated to provide a 
phase shift or deactivated to provide zero phase shift in P 0 (t). 

Fig 3b illustrates transmission bursts for use in transmitter 300 of Fig. 3a. 
Bursts 326a and 326b are transmitted on antennas 316 and 318 respectively, and 
burst 328a and 328b are transmitted on antennas 320 and 322 respectively. 

The described and other embodiments could be implemented in systems using 
any type of multiple access technique, such as time division multiple access (TDM A), 
code division multiple access (CDMA), frequency division multiple access (FDMA), 
orthogonal frequency division multiple access (OFDM), or any combination of these, or 
any other type of access technique. This could also include systems using any type of 
modulation to encode the digital data. For example, the embodiment would not requ.re 
any changes to an EDGE receiver when used with these technologies. The rece.ver 
equalizer treats the delayed antenna multipath and compensates for the mulfpath. 
The receiver does not have to have phase hopping knowledge. Since both traffic and 
training sequences are applied with the same phase hopping, the receK/er treats the 
signal as if it is originally without diversity. In the case of a CDMA receiver, both 
antennas are applied using the same W^sh Spreading Code and the same phase 
hopping or sweeping is performed on both traffic and pilot signals. Since both traffic 
and pilot channels undergo the same phase changes, this change is transparent to the 
receiver. In the case of a delayed antenna transmission, an equalizer would be 
) necessary. 

Thus although the method and apparatus of the present invention has been 
illustrated and described with regard to presently preferred embodiments thereof, it w.ll 
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embodiments described, and that numerous other embodiments of the invention may be 
implemented without departing from the spirit and scope of the invention as defined in the 
following claims. 
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What is claimed is: 

1 . A method for transmitting a signal from a plurality of antennas, said 
method comprising the steps of: 

receiving a first input symbol stream at a transmitter; 

offsetting said first input symbol stream to generate a second input symbol 
stream, wherein said second input symbol stream is offset from said first 
input symbol stream by at least one symbol period; 

performing a first phase shift on said first input symbol stream over a time 
period to generate a first phase shifted symbol stream; and 

transmitting, substantially simultaneously, said first input symbol stream on 
a first at least one antenna, said first phase shifted symbol stream on a 
second at least one antenna, and said second input symbol stream on 
said second at least one antenna. 
2. The method of claim 1 .wherein said first at least one antenna comprises 

2 a third and fourth at least one antenna and said second at least one antenna 

3 comprises a fifth and sixth at least one antenna and wherein said method further 

4 comprises the step of performing, before said step of transmitting, a second phase 

5 shift on said second input symbol stream, substantially simultaneously over said time 

6 period, to generate a second phase shifted signal and wherein the step of transmitting 

7 comprises transmitting, substantially simultaneously, said first input symbol stream on 

8 said third at least one antenna, said first phase shifted symbol stream on said fourth at 

9 least one antenna, said second input symbol stream on said fifth at least one antenna 
1 o and said second phase shifted signal on said sixth at least one antenna. 

1 3. The method of claim 2, wherein said step of performing a first phase shift 

2 and said step of performing a second phase shift comprise phase shifting with a 

3 continuous phase sweep. 

1 4. The method of claim 2, wherein said step of performing a first phase shift 

2 and said step of performing a second phase shift comprise phase shifting by discrete 

3 phase hopping in different burst periods. 

10 
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1 5. The rrW&d of claim 1 , wherein said second at leWone antenna 

2 comprises a single antenna, and said step of transmitting comprises transmitting said 

3 first phase shifted symbol stream and said second input symbol stream on said single 

4 antenna. 

! 6. The method of claim 5, wherein said step of performing a first phase shift 

2 comprises phase shifting with a continuous phase sweep. 

i 7. The method of claim 5, wherein said step of performing a first phase shift 

comprises phase shifting by discrete phase hopping in different burst periods. 

8. The method of claim 1 , wherein said step of transmitting said second 
input symbol stream on said second at least one antenna comprises performing a 
second phase shift on said second input symbol stream over a time period to generate 
a second phase shifted symbol stream and transmitting said second phase shifted 

5 input symbol stream on said second at least one antenna. 

6 9. The method of claim 1 , wherein said step of transmitting comprises the 

7 step of transmitting using varying gain on each of said first and second at least one 

8 antenna. 

9 10. A method for transmitting a signal from a plurality of antennas, said 

I o method comprising the steps of: 

I I receiving a first input symbol stream at a transmitter; 



2 

1 
2 
3 
4 



offsetting said first input symbol stream to generate a second input symbol 
stream, wherein said second input symbol stream is offset from said first 
input symbol stream by at least one symbol period; 

transmitting, substantially simultaneously during a first time period, a first 
portion of said first input symbol stream on a first at least one antenna 
selected during said first time period, and a first portion of said second 
input symbol stream on a second at least one antenna selected during 



12 
13 

14 

15 
16 
17 
18 

19 said first time period; and 

20 transmitting, substantially simultaneously during a second period 

21 noncongruent with and subsequent to said first time period, a second 

22 portion of said first input symbol stream on a first at least one antenna 

11 
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23 selecteWiring said second time period, and a seWd portion of said 

24 second input symbol stream on a second at least one antenna ^selected 



25 
26 
27 
28 

29 symbol stream. 



during said second time period, wherein said second portion of said first 
input symbol stream is subsequent in time to said first portion of said first 
input symbol stream, and said second portion of said second input symbol 
stream is subsequent in time to said first portion of said second input 
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, , The method of claim 10, wherein said steps of transmitting, substantially 
simultaneously during a first time period and transmitting substantially simultaneously 
during a second time period are performed relative to one another with a hopped 
4 diversity pattern. 

* 12 The method of claim 1 1 , wherein said data included in said first input 
symbol stream is interleaved over at least said first and second time periods. 

13 The method of claim 10, wherein said step of transmitting comprises 
transmitting using varying gain on each of said first and second at .east one antenna 
selected during said first time period and said first and second at least one antenna 
4 selected during said second time period. 

1 14. An apparatus for transmitting a signal from a plurality of antennas, said 

2 apparatus comprising: 

3 an input for receiving a first input symbol stream at a transmitter; 
an offset means for offsetting said first input symbol stream to generate a 
second input symbol stream, wherein said second input symbol stream is 
offset from said first input symbol stream by at least one symbol period; 

a phase shifter for performing a phase shift on said first input symbol 
stream over a time period to generate a first phase shifted symbol stream; 

a first and second at least one antenna; and 

a transmitter for transmitting, substantially simultaneously, said first input 
symbol stream on said first at least one antenna, said first phase shifted 
symbol stream on said second at least one antenna, and said second 
input symbol stream on said second at least one antenna. 
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15 The aPLs of claim 14, wherein said first at leWone antenna 
uprises a third and fourth at least one antenna and said second at least one 
aotenna comprises a fifth and sixth at leas, one antenna and wherein sa,d phase 
sh«er comprtsae a firs, phase shifter and appals further comprisas a second phase 
shifter for performing a phasa shift on said second input symbol stream, subsU. fi* 
simuKaneously over said time period, to generate a second phase shifted s,gnal and 
wherein said transmiftar transmits, substantially simultaneously, said M input symbol 
stream on eaJd fiiird a, teas, one antenna, said firs, phase shifted ^ *- « 
said fourth at leas, one antenna, said second Input symbol s.ream on sard fifth a. leas, 
one antenna and said second phase shifted signal on said rtdh a. leas, one antenna, 

16. The apparatus of claim 15, wherein said first phase shifter and said 
second phase shifter phase shift with a continuous phase sweep. 

17 The apparatus of claim 15, wherein said first phase shifter and said step 
second phase shifter phase shM by discrete phasa hopping in different buret periods. 

,8 The apparatus of claim 14, wherein said second at least one antenna 
comprises a single antenna, and said .ransmftter transmits said first phase shifted 
symbol stream and said second input symbol stream on said single antenna. 

19 The apparatus of claim 18, wherein said phasa shBter comprises phase 
2 shifting with a continuous phase sweep. 

20. The apparatus of claim 18, wherein said phase shifter comprises phase 
shifting by discrete phase hopping in different burst periods 

21. An apparatus for transmitting a signal from a plurality of antennas, said 

2 apparatus comprising: 

3 an input for receiving a first input symbol stream at a transmitter; 
offset means for offsetting said first input symbol stream to generate a 
second input symbol stream, wherein said second input symbol stream is 
offset from said first input symbol stream by at least one symbol period; 



4 
5 
6 



plurality of antennas; 
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8 a tranHler for transmitting, substantially simultWously during a first 

9 time period, a first portion of said first input symbol stream on a first at 



10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

22 stream. 



1 

2 



1 

2 



least one antenna selected during said first time period, and a first 
portion of said second input symbol stream on a second at least one 
antenna selected during said first time period and transmitting, 
substantially simultaneously during a second period noncongruent with 
and subsequent to said first time period, a second portion of said first 
input symbol stream on a first at least one antenna selected during said 
second time period, and a second portion of said second input symbol 
stream on a second at least one antenna selected during said second 
time period, wherein said second portion of said first input symbol stream 
is subsequent in time to said first portion of said first input symbol 
stream, and said second portion of said second input symbol stream is 
subsequent in time to said first portion of said second input symbol 



22. The apparatus of claim 21 , wherein said transmitter transmits 
simultaneously during said first time period second time period, with a hopped diversity 



3 pattern. 



23. The apparatus of claim 22, wherein said data included in said first input 
symbol stream is interleaved over at least said first and second time period. 
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